BACKGROUND: Resection without adjuvant therapy results in a low recurrence rate for patients with stage i (t1/2 n0) rectal cancer in the range of 4% to 16% at 5 years. there are limited data, however, regarding clinical or pathologic prognostic markers for recurrence in this population. OBJECTIVE: the aim of this study is to assess the clinical and pathologic factors associated with local recurrence and overall survival in patients with early-stage rectal cancer after resection. DESIGN: this is a retrospective study. SETTING: this study was conducted at 2 tertiary care centers in Boston, massachusetts. PATIENTS: from 2000 to 2008, 175 patients with stage i rectal cancer treated with local or total mesorectal excision without adjuvant therapy were identified. MAIN OUTCOME MEASURES: time to local recurrence after resection and overall survival were evaluated for all patients with complete follow-up data. Perioperative data were reviewed to identify staging method, preoperative Cea, type of surgery, tumor size, number of lymph nodes resected, histological grade, circumferential resection margin, perineural invasion, lymphovascular invasion, and tumor ulceration. Data were analyzed by using a Cox proportional hazards regression model. RESULTS: of the eligible cohort, 137 patients had complete follow-up data for analysis of time to local recurrence, and only 23 (16.8%) patients had local recurrence. among these 23 patients, the median time to recurrence was 1.1 years (0.1-7.8). on multivariate analysis, male sex, current alcohol use, and tumor ulceration were associated with heightened risk of local recurrence. of the original cohort, 173 patients had complete follow-up for overall survival analysis. among these patients, the median overall survival was 12 years. on multivariable analysis, age at diagnosis >65 years and t2 pathologic stage were associated with decreased survival. LIMITATIONS: as in any retrospective study, there is a potential for selection bias. several patients were excluded from the analysis due to inadequate follow-up data. these results from two academic medical centers with specialized colorectal surgeons may not be generally applicable. the relatively small number of events, ie, recurrences, suggest the findings should be validated in a larger study.
m ore than 40,000 individuals are diagnosed with rectal cancer in the united states each year with a mortality rate near 40%. 1 surgery with or without chemoradiation therapy (CRt) is the primary treatment for these patients. Both local recurrence and distant metastasis are a major concern in rectal cancer, and each is associated with substantial morbidity and mortality. 2 advancements in surgical technique and neoadjuvant therapies, however, have resulted in reduced local and distant recurrence, with subsequent improvement in overall survival over the past decade. 1, 3 tumor stage is the most important prognostic factor determining treatment strategy and outcomes. Preoperative CRt for locally advanced rectal cancer (t3/4 or node-positive) results in improved local control and disease-free survival. [4] [5] [6] in these patients, neoadjuvant CRt often downstages the tumor, with a decrease in the size and depth of invasion and possible lymph node sterilization. approximately 25% of patients who have rectal cancer, however, present with stage i disease (ie, t1/2 and n0). 2 the standard of care for these patients is surgery alone without pre or postoperative CRt. the local recurrence rate for these patients is low, in the range of 4% to 16%; adjuvant or neoadjuvant therapies have not resulted in an improvement in disease-free or overall survival that would outweigh the associated morbidity. [5] [6] [7] total mesorectal excision with abdominoperineal resection (aPR) or sphincter-preserving low anterior resection (laR) is the standard for radical resection of rectal cancer, and it is associated with improved local and distant recurrence rates for t1 and t2 tumors. 8 local excision of rectal cancer, on the other hand, remains controversial, particularly for t2 tumors. in a retrospective study comparing transanal local excision with radical resection without adjuvant CRt for t1 and t2 tumors, there was only a 4% local recurrence rate (0% for t1n0 tumors and 6% for t2n0 tumors) among patients treated with radical resection. the estimated 5-year local recurrence rate for patients undergoing local excision was 28% (18% for t1n0 tumors and 47% for t2n0 tumors). 8 however, the results from a recent prospective, multi-institutional study showed a local recurrence rate as low as 8% with a 10-year overall survival at 84% for t1n0 tumors treated with local excision alone. 9 thus, many institutions continue to manage early-stage rectal cancer, especially t1n0 tumors, with transanal local excision without CRt because of the improved morbidity and mortality, patient satisfaction, and reduced cost. [10] [11] [12] nonetheless, a 5-year mortality of 16% to 23% has been consistently reported for patients with stage i rectal cancer, regardless of surgical approach. [13] [14] [15] [16] Previous retrospective studies have identified specific pathologic characteristics, including lymphovascular invasion (lVi), circumferential resection margin (CRm), or absence of lymphocytic infiltration, as markers of worse sur-vival for advanced-stage rectal cancer. [17] [18] [19] nevertheless, few studies have assessed how such factors influence local recurrence and survival in early-stage disease. this retrospective analysis sought to identify clinical and pathologic features that are prognostic for local recurrence and overall survival of early-stage rectal cancer treated with surgery alone.
MATERIALS AND METHODS

Study Population
Patients with histologically confirmed stage t1/2 n0 rectal adenocarcinoma who underwent resection without neoadjuvant or adjuvant CRt were eligible for this institutional review board-approved study. all patients underwent laR, aPR, or transanal local excision at the Brigham and Women's hospital or massachusetts General hospital between 2000 and 2008. Patients with apparent metastases on preoperative Ct or Pet were excluded.
Clinical and Pathologic Evaluation
Data for each patient who underwent curative resection were retrospectively reviewed. each of the following characteristics was collected for all patients: age, sex, race, smoking history, alcohol use, family history of Gi malignancies, clinical presentation, date of diagnosis, method of clinical staging, tumor distance from the anal verge, extent of circumferential involvement, preoperative Cea level, type of surgery (laR, aPR, local excision), and interval of time between diagnosis and surgery. Pathology reports were reviewed for tnm staging, tumor size, histological grade, CRm, number of lymph nodes resected, and the presence of lVi, perineural invasion (Pni), large-vessel invasion, or ulceration. for patients with local or distant recurrence following surgery, medical records were reviewed to assess the clinical presentation preceding diagnosis, location of recurrence, histological grade, and time interval from resection to recurrence. the date and status at last follow-up visit was recorded.
the tumor distance from the anal verge was defined as the distance from the caudal tumor edge to the anal verge, which was assessed by rigid sigmoidoscopy, colonoscopy, flexible sigmoidoscopy, mRi, and/or digital examination. Pretreatment clinical staging was performed by using a combination of physical examination, Ct imaging, mRi with or without endorectal coil, and/or endorectal ultrasound. the clinical and pathologic tnm stages were determined according to the American Joint Committee on Cancer tnm staging system (7th edition), and the histological grade of adenocarcinoma was described according to the World health organization classification.
Statistical Analysis
Descriptive statistics were used to describe patient characteristics and surgical/pathologic characteristics at study entry. Differences in the distribution of patient character-istics by sex were evaluated by using the fisher exact test and the Wilcoxon rank-sum test. the method of Kaplan and meier was used to characterize time to local recurrence and overall survival. the Cox proportional hazards model was used to evaluate the associations between the factors of interest and time to local recurrence as well as overall survival. the variables with p < 0.1 in the univariable analysis were added to a multivariable model with p < 0.05 as the criterion to select variable. analyses were conducted using sas version 9.2.
RESULTS
Study Population
Between 2000 and 2008, 175 patients were surgically treated for early-stage rectal cancer at the Brigham and Women's hospital and massachusetts General hospital. the median age was 65 years (24-89), and there were 95 men (54.3%) and 80 women (45.7%). most patients were white (n = 157, 90.8%). most patients presented with rectal bleeding (n = 106, 60.6%), followed by screening colonoscopy (n = 60, 34.3%). thirty-one patients (19.3%) had a first-degree relative with colorectal cancer. Patient characteristics are shown in table 1.
the study included 102 patients (58.3%) with t1 tumors and 73 patients (41.7%) with t2 tumors. low anterior resection was the most common surgical procedure, which was performed in 104 patients (59.4%), followed by local excision in 47 patients (26.9%) and aPR in 21 patients (12.0%). of the 47 patients who underwent local excision, the majority (n = 37) received a traditional open transanal approach with the use of an operative anoscope, whereas only 10 patients underwent transanal endoscopic microsurgery. there were no significant differences with regard to tumor level or margins obtained between the 2 approaches. among the patients who underwent laR, 60 (57.7%) had t1 tumors and 44 (42.3%) had t2 tumors. among those who underwent local excision, 37 (78.7%) had t1 tumors and 10 (21.3%) had t2 tumors. among those who underwent aPR, 4 (19%) had t1 tumors and 17 (81%) had t2 tumors. three patients underwent total proctocolectomy because of familial adenomatous polyposis (n = 1) or ulcerative colitis (n = 2). the median tumor size for all patients was 2.2 cm (0.2-15.0 cm). the median CRm was 0.53 cm (0.2-1.1) for patients who underwent local excision, 1.06 cm (0.1-3.5) for patients who underwent aPR, and 1.97 (0.1-6.5) for patients who underwent laR. among patients who underwent laR or aPR, there was a median of 12 lymph nodes (1-38) resected, and all were negative for metastasis. surgical and pathologic characteristics are shown in table 2. the median follow-up time for all patients was 12 years.
Local Recurrence time to local recurrence (ttlR) was used as a surrogate for absolute risk of local recurrence (lR) because of variation in the extent of postoperative follow-up between patients. Complete clinical and pathologic follow-up data were available for 137 patients in the analysis for ttlR, and 23 (16.8%) patients had a local recurrence. among these 23 patients, the median time to lR was 1.1 years (0.1-7.8). on univariable analysis, male sex (hR 2.9, p = 0.02), current alcohol use (hR 2.4, p = 0.04), lymphovascular invasion (hR 2.6, p = 0.05), and tumor ulceration (hR 2.9, p = 0.01) were associated with an increase risk of lR. of note, tumor size, CRm, and histological grade were not related to local failure, although no patient had a positive CRm. on multivariable analysis, male sex (hR 3.3, p = 0.02), current alcohol use (hR 3.4, p = 0.01), and tumor ulceration (hR 4.2, p = 0.001) were associated with reduced time to lR. Within the clinical data, race, smoking status, family history, and clinical presentation were not associated with local recurrence. Within the pathologic data, degree of circumferential involvement, preoperative Cea, Pni, and large-vessel invasion were unrelated to the risk of local recurrence. the remaining results of univariable analysis and multivariable Cox proportional hazards analysis for ttlR are shown in table 3. analysis of ttlR was also completed for surgery performed (ie, laR, aPR, or local excision) stratified by pathologic t1 or t2 stage. Results for this comparison are shown in table 4, which reveal no significant difference in risk of lR between patients undergoing radical resection or local excision for t1 or t2 tumors. a Kaplan-meier plot of ttlR for the entire cohort, as well as for patients stratified by surgical procedure, is shown in figure 1. Kaplan-meier plots of significant prognostic factors for ttlR on multivariable analysis are shown in figure 2.
Patterns of Recurrence
among the 23 patients that had a lR, 14 patients (61%) were diagnosed with routine postoperative surveillance, including scheduled colonoscopy and sigmoidoscopy, Ct of abdomen and pelvis, and/or elevated Cea. six patients presented with new-onset rectal bleeding, 2 presented with constipation, and 1 presented with rectal or low back pain and pressure. four patients (17.4%) had distant metastases at the time of lR diagnosis (liver (n = 2), adrenal gland (n = 1), and periaortic lymph nodes (n = 1)). among the 19 patients with only lR, the majority involved the laR anastomosis, with other cases varying in location, as shown in table 5. notably, the rate of distant recurrence for patients who underwent local excision (ie, 2 of 7) was greater than twice the rate for patients who underwent an laR (ie, 2 of 16).
Overall Survival of the 175 patients, 173 had complete clinical follow-up data for analysis of overall survival. among these patients, the median overall survival was 12 years. on univariable analysis, age at diagnosis greater than 65 years (hR 2.3, p = 0.015), t2 pathologic stage (hR 2.9, p = 0.002), and tumor size greater than 4.5 cm (hR 2.5, p = 0.04) were associated with decreased survival. on multivariable analysis, age at diagnosis greater than 65 years (hR 2.1, p = 0.04) and t2 pathologic stage (hR 2.5, p = 0.008) were independent predictors of increased mortality. Within the clinical data, race, smoking status, family history, and clinical presentation were not associated with overall survival. Within the pathologic data, degree of circumferential involvement, preoperative Cea, Pni, and large-vessel invasion were unrelated to mortality. the remaining results for overall survival (os) are shown in table 3. univariable and multivariable analysis of os was also completed for surgery performed (ie, laR, aPR, or local excision) stratified by pathologic t1 or t2 stage. Results for this comparison are shown in table 4, which demonstrate no significant difference in survival between patients undergoing radical resection or local excision for t1 or t2 tumors.
a Kaplan-meier plot of os for the entire cohort, as well as for patients stratified by surgical procedure, is shown in figure 1 . Kaplan-meier plots of significant prognostic factors for os on multivariable analysis are shown in figure 2.
DISCUSSION
there has been an improvement in the management of rectal cancer over the past 2 decades; total mesorectal excision with neoadjuvant and adjuvant therapies for stage ii and iii cancers have been associated with a decrease in the rate of lR and an increase in survival. nevertheless, the use of adjuvant therapy is not recommended for stage i tumors, because only a small percentage of these tumors recur after surgical resection alone. the swedish Rectal Cancer trial, however, was a prospective study that showed a significant reduction in lR in stage i patients with preoperative pelvic radiation, from 12% to 4%. 20 although adjuvant therapy may clearly benefit some early-stage patients, indiscriminate use is not recommended in this population owing to the overtreatment of the majority. in the current study, almost 17% of patients with stage i rectal cancer developed local tumor recurrence despite cu- rative surgery. those patients treated with local excision had comparable outcomes to those treated with radical resection after several years of follow-up, because there was not a significant difference in ttlR or os between these groups. this finding may be attributable to the fact that most patients (nearly 80%) treated with local excision had t1 tumors. Based on the eligibility criteria for this study, the patients treated with local excision alone had very favorable pathologic characteristics. the primary aim of our analysis was to determine whether a high-risk group of patients could be identified by using routine clinical and pathologic data. this in turn might identify patients with stage i cancers who could benefit from adjuvant therapies. Both univariable and multivariable analyses of these prognostic factors were performed for all eligible patients with stage i cancer treated with surgery alone at the affiliated institutions. male sex, current alcohol consumption, and tumor ulceration were independent predictors of lR. additionally, age greater than 65 at diagnosis and t2 pathologic stage were independently associated with decreased survival. male patients have been shown to have a worse prognosis than female patients in previous studies. 2, 21, 22 it is known that wider lateral margins are more difficult to obtain in the male pelvis, which suggests that the difference in outcome by sex might be related to the extent of surgical clearance. 23 in our analysis, we found a significantly smaller CRm in men than in women, as seen in table 6. this finding supports the hypothesis that a worse prognosis in men might be related to a greater difficulty of obtaining adequate resection margins. [21] [22] [23] no cases of tumor involvement of the resection margin were identified in this study. male and female patients underwent a similar proportion of local excisions, laR, and aPR as well as extent of lymph node dissection. male patients had a significantly higher proportion of alcohol users, but no other clinical characteristics differed between these groups, as shown in table 6. although macroscopic tumor ulceration is generally considered an unfavorable finding for colorectal tumors, this study is one of few to show an increase in risk of local recurrence in patients with ulcerated tumors, both after radical surgery and local excision. a previous retrospective analysis showed worsened survival and lR rate with nonexophytic tumors (ie, ulcerated, flat) compared with polypoid and sessile lesions. 24 that study, however, found that tumor ulceration was not an independent risk factor for recurrence or mortality, but rather was associated with histological characteristics that have been shown to be predictors of recurrence and reduced survival, including poor differentiation, lymphovascular invasion, and depth of invasion. our study now suggests that macroscopic tumor ulceration is an independent prognostic factor for lR on multivariable analysis. this finding may allow preoperative risk stratification of patients. in this series, the sensitivity, specificity, and positive predictive value (PPV) of tumor ulceration for lR at 1 year were 50%, 71%, and 11%. the sensitivity, specificity, and PPV of ulceration for lR at 2 years were 53%, 73%, and 24%. sensitivity, specificity, and PPV of ulceration for lR for each surgical procedure (ie, laR, aPR, local excision) at 1 and 2 years are shown in table 7. this series is unique in showing that alcohol use is a significant prognostic factor for patients with rectal cancer after resection. Previous studies have indicated a modest increased risk of colorectal cancer incidence with alcohol consumption. the results of more recent reviews suggest that this association could be stronger with rectal tumors in comparison with colon tumors. 25 however, few studies, if any, detail the association between alcohol consumption and prognosis after diagnosis and treatment. only 1 large analysis reported modestly increased rectal cancer mortality for regular versus rare drinkers for men (hR 1.33), whereas other studies have largely been null. 26 to our knowledge, this analysis is the first to report an increased risk of lR for regular alcohol consumers with early-stage rectal cancer after resection. the biological basis for the observed increased risk, however, remains unclear. evidence suggests that the effect of alcohol is modulated by polymorphisms in genes encoding dehydrogenases responsible for ethanol metabolism. it is hypothesized that there is a genotoxic effect of acetaldehyde that promotes carcinogenesis most pronounced in patients who carry specific alleles of aldehyde dehydrogenase. 27 t2 pathologic stage was an independent prognostic factor for reduced survival in our patients. Previous studies have shown an increased risk of lymph node metastases among pt2 colorectal tumors (up to 19.7%) compared with pt1 lesions (5.6%), suggesting that undetected lymph node involvement may underlie the increase in cancer mortality. 28, 29 however, those studies demonstrating an increase in lymph node metastasis in pt2 tumors had a lower median number of lymph nodes examined than the number of nodes examined in the current series. [28] [29] [30] although none of our patients had lymph node metastases, we cannot exclude the possibility of micrometastasis within perirectal or pelvic lymph nodes that were not sampled. the number of patients with coexisting local and distant recurrence despite negative lymph nodes on initial resection is consistent with this possibility. other common adverse pathologic variables, such as differentiation, lVi, Pni, and mucinous features, were not associated with reduced os. this may be due to the low incidence of these adverse features in the eligible patients with intramural tumors, as well as the limited sample size of the study. nonetheless, depth of invasion was a significant prognostic factor in our analysis, and it is possible that t2 rectal tumors with other poor prognostic features may require radical surgery (ie, aPR or laR) and/or adjuvant therapies to maximize the likelihood of local control and survival. interestingly, there was a trend toward a significantly greater risk of lR for patients with pt2 tumors treated with laR alone (hR 2.34, p = 0.07), as seen in table 4, indicating that even radical resection alone may be a suboptimal approach in these patients with other adverse clinical or pathologic variables. age at diagnosis was also an independent predictor of increased mortality after resection. a majority of patients in this series died of causes not related to their tumor burden, including cardiopulmonary and neurologic pathology. there were also a small number of documented deaths in the postoperative period for patients treated with radi- cal resection. Given the confounding variables of perioperative morbidity and other age-related comorbidities, the basis of reduced os in elderly patients treated for stage i rectal cancer is likely multifactorial. this study has a number of limitations. first, there are potential biases inherent in any retrospective study. only patients with complete clinical and pathologic follow-up data were included in this analysis, which excluded 38 patients from the original cohort for the analysis of lR risk. these patients lacked postsurgical endoscopic data, imaging, Cea measurement, or other clinical evaluation. this could potentially bias our results because of patients being lost to follow-up or lacking stringent surveillance for those with low comorbidities. second, there were a large number of patients who were referred to our institutions secondarily, possibly owing to increased comorbidities or difficult surgical approach, potentially leading to selection bias that would overestimate the rate of local failure and mortality. nevertheless, our study found a lR rate of 16.8%, similar to that found in previous retrospective analyses. finally, our series includes only 23 patients with lR. Because of the small cohort and a retrospective design, these findings would need to be validated in a larger study. But given the number of patients with combined local and distant recurrence, it is possible that patients with unfavorable prognostic factors might benefit from adjuvant or neoadjuvant therapy to reduce the risk of both local and systemic relapse.
CONCLUSIONS
through the evaluation of routine clinical and pathologic data for patients treated with curative surgery, this study defined a subpopulation of patients with early-stage rectal cancer that are at increased risk of local tumor recurrence or mortality. if validated in a larger study, these findings could identify patients with early-stage rectal cancer who might benefit from more aggressive therapy, such as the use of adjuvant chemotherapy or radiation. identification of prognostic factors could also allow for improved patient counseling and consideration of more intensive surveillance, as well as more aggressive surgery in those patients who would otherwise undergo transanal local excision.
as cancer research moves to the molecular level, it is possible that genetic analysis of tumors may identify markers that could improve prognostic accuracy beyond that provided by clinical factors. these studies have been performed in nonirradiated advanced stage tumors. 31 the identification of genetic abnormalities in stage i tumors, however, could be an important step toward understanding varying tumor behaviors and ultimately promoting individualized treatment.
